We focus on environmental funds aimed at public abatement financed by tax revenue and obtain the result that governments should finance environmental funds with tariff revenue rather than pollution tax revenue in order to increase the funds and welfare when governments increase a pollution tax or reduce a tariff. These results are relevant for countries where an import competing sector protected by a tariff generates pollution emissions and the government seeks the revenues earmarked for the financing of environmental funds. We also show that the optimal pollution tax rate/tariff rate is higher/lower under tariff revenue-financed public abatement than it is under pollution tax revenue-financed public abatement.
Introduction
It is well known that the private sector and/or the public sector undertake environmental protection activities such as pollution abatement. These activities are usually financed by specific funds aimed at environmental protection. This fund is commonly thought of as environmental fund. In particular, comprehensive environmental funds (CEF) established in transition economies in Central and Eastern Europe are the notable example of the above mentioned role of environmental funds. Regarding these countries, governments levy various pollution charges on polluting sectors and the accruing revenues are earmarked for the financing of pollution abatement activities such as waste water treatment plants, municipal waste disposal sites, etc 1 (see OECD 1995) . These activities are known as public abatement and it has a significant role in pollution abatement activities. According to a recent survey conducted by abatement from abroad 6 . To describe the production side more formally, we use the following revenue function: where p denotes the domestic relative price of good x in terms of good y, x and y are the output levels of good x and good y, respectively, z denotes the amount of pollution emissions generated from the production of good x, t is the pollution tax rate, v denotes the set of private factors used in the production of the private good, and ) v ( T is the country's technology set. As v does not vary in this paper, we reduce the expression for the revenue function to ) t , p ( R . Also, we assume that the production of good x is protected by a tariff and it thus gives rise to a wedge between the international relative price of good x and the domestic relative . We also have:
From equation (1), we make the usual assumption of 0
, which indicates that an increase in the pollution tax rate reduces pollution emissions. This implies that private abatement is undertaken by the private sector. We also assume that 0 < ∂ −∂ = p / z R tp , which indicates that an increase in the relative price of good x raises the amount of pollution emissions. The opposite case also holds true: that a reduction in the price of good x by reducing the tariff (e.g., trade liberalization) lowers the amount of pollution emissions.
Turning to the demand side of the economy, the following expenditure function characterizes the households' consumption activities: The economy's budget constraint can be expressed as:
The first term of the right-hand side of equation (2) should recall that the government imports public abatement from abroad and the cost incurred is financed by pollution tax revenue and/or tariff revenue. Hence, we assume that a fraction of pollution tax revenue, α , and/or a fraction of tariff revenue, β , is earmarked for the financing of public abatement. With this in mind, the budget constraint for public abatement can be expressed as:
where g P denotes the exogenously given international price of public abatement, tz α denotes the earmarked pollution tax revenue, and (1), (2) , and (3),
we obtain a change in three endogenous variables, including z, g, and u, by altering two exogenous policy variables, t and s. As a result, we can obtain a welfare-superior policy between solely pollution tax revenuefinanced public abatement (i.e., ) 0 = β and solely tariff revenue-financed public abatement (i.e., ) 0 = α .
The Welfare Consequences of a Pollution Tax
The effects of the pollution tax on the unknown variables z, g, and u are derived with the aid of comparative statics 8 . Firstly, we examine the case in which a fraction of pollution tax revenue is earmarked for the financing of public abatement while tariff revenue is returned to households (i.e.,
where
is the determinant of the matrix of the coefficients of the unknown variables. Equation (4), 1 − public abatement by changing the pollution tax. Regarding the right-hand side of equation (4), the sign is ambiguous when governments increase the pollution tax. The reason for this ambiguity is attributable to the following two opposing effects. Firstly, a reduction in pollution emissions as a result of private abatement reduces the pollution tax revenue earmarked for the financing of public abatement and thereby public abatement, as shown by the second term of the right-hand side of equation (4), 0
an increase in the pollution tax can increase pollution tax revenue because the tax rate of the pollution tax is higher than before and it raises public abatement, as shown by the first term of the right-hand side of equation (4), 0
The relative strength of these opposing effects determines the change in public abatement following an increase in the pollution tax. Under these circumstances, let us assume that
, which is ensured by the elasticity of pollution emissions with respect to the pollution tax rate being smaller than unity 1
, then an increase in the pollution tax increases public abatement. The reason is that a small elasticity of pollution emissions with respect to the pollution tax rate indicates that a reduction in the amount of pollution emissions would not be so substantial that the government could procure the pollution tax revenue earmarked for the financing of public abatement , and hence public abatement rises. Conversely, when we assume that 1 > ε , an increase in the pollution tax reduces pollution emissions so substantially that it would erode the tax base of public abatement. As a consequence, the government cannot procure the pollution tax revenue earmarked for the financing of public abatement, and public abatement declines. Hence, public abatement would not be compatible with the private abatement undertaken by increasing the pollution tax under 1 > ε . Regarding the change in the net amount of pollution following an increase in the pollution tax, we can derive this figure with the aid of equations (1) and (4) , then an increase in the pollution tax has a positive impact on welfare through the pollution abatement undertaken by the private sector (i.e., private abatement). Intuitively, a reduction in pollution emissions by increasing the pollution tax undermines pollution tax revenue returned to households, and, as a result, a welfare loss arises. Nevertheless, under the assumption, which says that the pollution tax is small enough to ensure t E r > , then the tax revenue loss is so negligible that it is dominated by the gains from environmental clean-up undertaken by private abatement. Also, the assumption 0 < pr E prevails, that a reduction in pollution emissions by means of private abatement increases the consumption of importable good and thereby imports, which is conducive to an increase in tariff revenue returned to households. Finally, the assumption 0
is also conducive to an increase in tariff revenue, because an increase in the pollution tax reduces the production of good x, and, as a result, households must rely on imports of good x. These private abatement effects, which consist of the gains from an environmental clean-up and an increase in tariff revenue returned to households, increase welfare.
The second bracket in equation (5) . In this case, when public abatement is under-provided, implying g r P E > , which means that the marginal willingness to pay for pollution abatement is greater than the cost of public abatement, an increase in the pollution tax raises welfare through an increase in public abatement. However, an increase in the pollution tax undermines welfare as a result of a reduction in
Next, we analyze the welfare consequences of the pollution tax in the case that all pollution tax revenue is returned to households while a fraction of tariff revenue is earmarked for the financing of public abatement (i.e., 1 0 0
).The results of comparative statics show:
Equation (7) can be rewritten as:
is the determinant of the matrix of the coefficients of the unknown variables and its sign is positive by stability 12 .
Equation (6) shows the effect of a change in the pollution tax on public abatement when governments finance public abatement using tariff revenue. In this context, under the familiar assumptions that t E r > and 0 < pr E then an increase in the pollution tax increases public abatement. The explanation is straightforward. A reduction in pollution emissions by the pollution tax raises the demand for imports because of the relationship between pollution emissions and the consumption of good x (i.e., importable
. The increased imports raise tariff revenue and thereby public abatement because a fraction of tariff revenue is earmarked for the financing of public abatement. Also, as mentioned earlier, an increase in the pollution tax reduces the production of good x and raises the imports of good x. This is also conducive to an increase in tariff revenue and public abatement, as shown by the final term in the bracket of the right-hand side of equation (6),
. Finally, when the gains from an environmental clean-up are greater than the pollution tax revenue loss, an increase in the pollution tax can increase the utility of households and, therefore, the consumption of good x, because good x is a normal good. This effect also increases tariff revenue and, therefore, public abatement, as captured by the first term in the bracket of the right-hand side of equation (6) 
, and hence we can obtain 0
Equation (7) shows the welfare consequences of the pollution tax when the government finances public abatement using tariff revenue. The first term of the right-hand side of equation (7)'
captures the private abatement effect on welfare. It states that an increase in the pollution tax increases welfare under the familiar assumptions t E r > and 0 < pr E . As mentioned earlier, an increase in the pollution tax reduces the amount of pollution emissions and, therefore, raises welfare if we assume that t E r > , which implies that the gains from an environmental clean-up are larger than the pollution tax revenue loss. Also, a reduction in pollution emissions by increasing the pollution tax increases imports and, therefore, tariff revenue returned to households under the assumption 0 < pr E . Thus, pollution abatement undertaken by the private sector is conducive to welfare improvement when governments increase the pollution tax under tariff revenue-financed public abatement. The second term of the right-hand side of equation (7)'
captures the public abatement effect, and this has a positive impact on welfare if we assume that 0 . In these circumstances, if public abatement is under-provided in the economy, g r P E > , an increase in public abatement by increasing the pollution tax can raise welfare through an increase in public abatement. Also, the assumption, which says that the cost of public abatement is substantially small enough to guarantee g P t > , ensures the welfare improvement by increasing the pollution tax. That is, if the cost of public abatement is substantially high, we should earmark a significant amount of domestic tax revenue for public abatement, which would be otherwise returned to households, thus giving rise to welfare loss. Overall, an increase in the pollution tax leads to a welfare improvement by means of the private and the public abatement effects under the assumptions t E r > ,
With these results in mind, we can obtain a welfare-superior policy between pollution tax revenuefinanced public abatement and tariff revenue-financed public abatement. To this end, we compare both the numerators and the denominators of the right-hand side of equations (4) and (7)' such that:
A denote the numerators of equation (4) and (7)', respectively. Then we can
. Regarding this, we have the inequality
, and 1 ≥ ε . Turning to the denominators, we know:
where Δ and Ω denote the denominators of equations (4) and (7) 
. Hence, we can conclude that tariff revenue-financed public abatement is a welfare superior policy compared with under pollution tax revenue-financed public abatement when the government increases the pollution tax. We can state the following proposition. As mentioned in the introduction, pollution tax revenue-financed public abatement generates a loss in public abatement because the tax base of public abatement declines as a result of a reduction in the amount of pollution emissions. In particular, when the elasticity of pollution emissions with respect to the pollution tax rate is greater than unity, private abatement undertaken by the private sector cannot increase public abatement under pollution tax revenue-financed public abatement. However, this dilemma may not arise under tariff revenue-financed public abatement. It depends primarily on the assumption that consumption of the importable good is a substitute for pollution. This assumption should be valid in terms of the example provided by Copeland (1994) , that when pollution destroys wildness, the demand for hiking boots declines, which implies that the consumption is a substitute for pollution emissions. In these circumstances, we can conclude that tariff revenue is a possible source of environmental funds, as suggested by Haibara (2006), and tariff revenue is a more suitable source of environmental funds than pollution tax revenue in terms of welfare improvement.
The Welfare Consequences of a Tariff
We now turn to the welfare consequences of a tariff when either pollution tax revenue or tariff revenue 
Equation (8) measures the effect of the tariff on public abatement under pollution tax revenue-financed public abatement. The right-hand side of equation (8), 0
implies that an increase in the tariff raises public abatement, suggests that trade liberalization as a result of reducing the tariff decreases public abatement. This can be intuitively explained by the fact that a reduction in the tariff reduces the amount of pollution emissions through a reduction in the output of good x, which is pollution generating. The lower pollution emissions reduce pollution tax revenue and, as a result, public abatement declines because pollution tax revenue is earmarked for the financing of it. With respect to a change in pollution by the tariff, we can obtain this figure with the aid of equations (1) and (8) . This implies that trade liberalization undertaken by reducing the tariff lowers the net amount of pollution. Intuitively, when a pollution tax is small, the pollution tax revenue loss would be negligible and, therefore the public abatement effect, which has a negative impact on pollution abatement, would be dominated by the private abatement effect, which has a positive impact on pollution abatement.
Equation (9) shows the welfare consequences of the tariff when governments finance public abatement with pollution tax revenue. Observing the right-hand side of equation (9), the first term,
, captures the private abatement effect arising from reducing the tariff.
Regarding this term, the familiar assumptions that , such that t E r > and 0 < pr E ensure that the private abatement effect achieved by trade liberalization has a positive impact on welfare. In particular, the private abatement effect consists of two positive impacts on welfare. They are the gains from environmental clean up and the gains from trade. Namely, the gains from environmental clean-up arise from a reduction in the tariff through a decrease in the production of good x, which is pollution generating, and hence the utility of households increases. In contrast, a reduction in pollution emissions reduces the pollution tax revenue returned to households and therefore harms households' utility. However, this negative impact on welfare can be dominated by the gains from environmental clean-up, which has a positive impact on welfare under the assumption t E r > . On the other hand, the gains from trade liberalization can increase the demand for imports, which is achieved by a reduction in the domestic price of good x, 0 < (8)), and hence it undermines welfare on the ground that the amount of public abatement is underprovided in the economy. Also, a reduction in public abatement may increase the net amount of pollution.
As a consequence, the demand for the consumption of good x, and thereby tariff revenue, would be undermined because of the assumption that the consumption of good x (i.e., importable good) is a substitute for pollution as 0 < pr E . Hence, the welfare consequences of reducing the tariff under pollution tax revenue-financed public abatement are determined by the relative strengths of the private abatement effect and the public abatement effect.
Next, we analyze the welfare consequences of the tariff under tariff revenue-financed public abatement.
The results of comparative statics show:
Equation (11) can be rewritten as: . Intuitively, when the elasticity of import demand with respect to a tariff is large, trade liberalization increases the demand for imports so much as a result of a reduction in the domestic price of an importable good that governments can earn substantial tariff revenue, which is earmarked for the financing of public abatement.
Hence, public abatement rises by reducing the tariff. Also, a reduction in the tariff raises tariff revenue indirectly through a reduction in the production of the importable good (i.e., good x) and by a reduction in the amount of pollution emissions. That is, a reduction in the production of the importable good induces households to increase imports. Furthermore, a reduction in pollution emissions by reducing the tariff increases imports because of the assumption 0 < pr E . These effects of trade liberalization are conducive to an increase in tariff revenue , thereby increasing public abatement.
Equation (11) shows the welfare effects of the tariff when tariff revenue is earmarked for the financing of public abatement. Regarding the first term of the right-hand side of equation (11) With these results in mind, we obtain a welfare-superior policy between pollution tax revenue-financed public abatement and tariff revenue-financed public abatement when governments reduce the tariff. In doing so, we define: A are assumed to be nagative. In terms of the denominators of equations (9) and (11), we know 0 >
− Ω Δ
. Hence, we can conclude that the magnitude of the welfare improvement is higher under tariff revenue-financed public abatement than it is under pollution tax revenue-financed public abatement when governments reduce the tariff. The following proposition summarizes these results. From propositions 1 and 2, we learn that earmarking pollution tax revenue for the financing of public abatement is not a welfare-superior policy when governments increase the pollution tax or reduce the tariff.
Proposition 2 Suppose the government reduces a tariff under pollution tax revenue-financed public abatement or under tariff revenue-financed public abatement. In these circumstances, if the following assumptions are established-( ) the cost of public abatement is small enough to
The main reason behind this outcome is tax base erosion arising from a reduction in the amount of pollution emissions under pollution tax revenue-financed public abatement. This, however, may call for trade protectionism on the ground that an increase in the tariff or introduction of a tariff can increase the tax base of public abatement as a result of an increase in the amount of pollution emissions. To see this, consider, for instance, the special case in which governments introduce a tariff under pollution tax revenuefinanced public abatement. The welfare consequences of the introduction of a tariff can be obtained by setting 0 = s in equation (9). We have:
Observing the right-hand side of equation (9), the introduction of a tariff increases welfare if the marginal willingness to pay for pollution abatement is equal to the pollution tax rate t E r = , and public abatement is under-provided g r P E > . Intuitively, if the government imposes a tariff on good x then the amount of pollution emissions rises because good x is a polluting good. In this context, an increase in the amount of pollution emissions does not harm welfare under the assumption t E r = . Because welfare loss arising from an increase in pollution emissions is offset by welfare gain arising from an increase in the pollution tax revenue returned to households.
Furthermore, an increase in pollution emissions undertaken by introducing a tariff increases the tax base of public abatement under pollution tax revenue-financed public abatement, and thus public abatement rises 14 .
The increased public abatement raises welfare because public abatement is under-provided g r P E > . This result may run counter to our intuition in the sense that a tariff is conventionally thought of as an environmentally harmful policy if the tariff protects the dirty sector. However, this negative impact of the tariff on the environment can be outweighed by means of an increase in public abatement as a result of introducing a tariff.
On the other hand, one obtains the welfare consequences of increasing the pollution tax when the tariff is zero and pollution tax revenue is earmarked for the financing of public abatement. By using equation (5), we have:
Regarding the right-hand side of equation (5) The result exhibited in proposition 3 calls for trade protectionism because an introduction of a tariff can increase the tax base of public abatement and welfare. However, an introduction of a tariff runs counter to PPP (i.e., polluter pays principle) in the sense that it protects a dirty industry and it thus would not be allowed in reality although it may receive attention in academic literature.
Optimal Trade and Environmental Policies
In this section, we derive the optimal tax rate with the aid of the welfare consequences of the tariff and the pollution tax in the situation in which either pollution tax revenue or tariff revenue is earmarked for the financing of public abatement. In the first place, we obtain the optimal pollution tax rate by setting
in equations (5) and (7)'. We have:
Equation (12) shows the optimal pollution tax rate under pollution tax revenue-financed public abatement, while equation (13) shows it under tariff revenue-financed public abatement. Observing the right-hand side of equations (12) and (13), one should notice that the optimal pollution tax rate is positive regardless of which tax revenue-financed public abatement is used if we assume , as ensured by stability.
Like the optimal pollution tax rate, we can obtain the optimal tariff rate by setting 0 = ds / du in equations (9) and (11)'. To make the analysis easier, we assume that pollution does not affect the consumption decision of households (i.e., 0 = pr E 15 ). We have: . The reason why the optimal tariff rate is positive is that pollution abatement is undertaken not only by the private sector but also by the public sector. Regarding this, pollution abatement is optimally undertaken by the private sector, such that t E r = , whereas pollution abatement undertaken by the public sector is under-provided, such that g r P E > . Hence the optimal tariff could be positive to sufficiently provide public abatement regardless of which tax revenue-financed public abatement.
In the final analysis, we show the jointly optimal trade and environmental policies with the aid of equations (12), (13), (14), and (15). In the first place, we derive the optimal environmental policy reflecting the optimal trade policy. In this context we maintain the assumption 0 = pr E for the sake of simplicity.
Substituting equation (14) into (12) and substituting equation (15) into (13) yield 
Regarding equations (16) and (17), if we assume that . By comparing equations (16) and (17), we have
Regarding the right-hand side of equation (18), if we suppose that g r P E > , and the private abatement effect tt R is sufficiently large enough to guarantee
. This implies that the optimal pollution tax rate reflecting the optimal tariff rate is higher under tariff revenue-financed public abatement than it is under pollution tax revenue-financed public abatement. On the other hand, we also obtain the optimal tariff rate reflecting the optimal pollution tax rate by substituting equation (12) into (14) and substituting equation (13) into (15). The intuition behind proposition 4 is analogous to proposition 1 except for the assumption 0 = pr E . Despite this assumption, we can conclude that the magnitude of the welfare improvement is higher under tariff revenue-financed public abatement than it is under pollution tax revenue-financed public abatement when the government increases the pollution tax. That is, an increase in the pollution tax increases tariff revenue by means of a reduction in the output of the importable good. In turn, it increases public abatement and welfare under tariff revenue-financed public abatement as tariff revenue is earmarked for the financing of public abatement and public abatement is under-provided. In contrast, an increase in the pollution tax rate reduces public abatement and welfare under pollution tax revenue-financed public abatement by means of a reduction in the tax base of public abatement under the assumption, which says that the magnitude of private abatement is substantial. This causes a downward pressure to increase the pollution tax. Hence, the optimal pollution tax rate is higher under tariff revenue-financed public abatement than it is under pollution tax revenue-financed public abatement.
Proposition 4 Suppose the government maximizes welfare by altering the pollution tax and the tariff. In these circumstances, if the following assumptions are established-( ) public abatement is under-
In case of the optimal trade policy, it seems interesting that an imposition of a tariff should be justified regardless of which tax revenue-financed public abatement, as suggested by proposition 5.
With regard to pollution tax revenue-financed public abatement, a reduction in the tax base of public abatement would be large under that assumption, which says that private abatement effect is large. As a consequence, welfare declines under pollution tax revenue-financed public abatement because public abatement is assume to be under-provided. In this context, the tariff imposition can be justified in order to increase the tax base of public abatement, thereby welfare, as suggested by proposition 3. With regard to tariff revenue-financed public abatement, the imposition of the tariff can also be justified on the ground that the government budget constraint requires tariff revenue to finance public abatement. Regarding this, the imposition of the tariff raises pollution emissions that harm welfare; however it can be mitigated by increasing the pollution tax. For this reason, the optimal tariff rate reflecting the optimal pollution tax rate is positive even under tariff revenue-financed public abatement. Nevertheless, the optimal tariff rate reflecting the optimal pollution tax rate under tariff revenue-financed public abatement is smaller than it is under pollution tax revenue-financed public abatement. The reason is attributed to the fact that the tax base of public abatement declines under pollution tax revenue-financed public abatement if private abatement effect is large, while the tax base of public abatement may not decline under tariff revenue-financed public abatement. Above all, what we can learn from proposition 5 is that the harmonization of free trade (i.e., zero tariffs) and the environmental protection undertaken by tax revenue-financed public abatement would not be achieved if pollution tax revenue or tariff revenue is earmarked for the financing of public abatement.
Concluding remarks
This paper has consistently shown that pollution tax revenue, conventionally known as the source of environmental funds aimed at public abatement, could not be used for that purpose when governments increase a pollution tax or reduce a tariff, whereas tariff revenue, conventionally known as general tax revenue, returned to households could be used for environmental funds aimed at public abatement when governments increase a pollution tax or reduce a tariff. In particular, when governments increase a pollution tax, tariff revenue-financed public abatement is a welfare superior policy compared with pollution tax revenue-financed public abatement if the following assumptions are established: (1) the cost of public abatement is small, and public abatement is under-provided; (2) the marginal willingness to pay for pollution abatement is higher than the pollution tax rate; (3) the consumption of importable goods is a substitute for pollution ; and (4) the elasticity of pollution emissions with respect to the pollution tax rate is greater than unity. The last of these assumptions ensures that a reduction in the amount of pollution emissions undertaken by increasing a pollution tax erodes the tax base of public abatement, and it thus undermines further public abatement activities under pollution tax revenue-financed public abatement. This implies that private abatement undertaken by the private sector would not be compatible with public abatement undertaken by the public sector under pollution tax revenue-financed public abatement. In contrast, the tax base of public abatement may rise under tariff revenue-financed public abatement under the assumption that pollution is a substitute for the demands for importable goods. Relaxing this assumption, however, may not affect the results obtained in this paper. That is, we have another channel to increase tariff revenue such that a reduction in a tariff reduces the production of importable goods and so the demand for import rises. Hence, tariff revenue rises despite the fact that the demands for importable goods are independent from pollution. As a consequence, we can reproduce the same results shown in each proposition.
Another insight obtained in this paper is that trade liberalization, as a result of reducing a tariff, increases welfare when tariff revenue is earmarked for the financing of public abatement, and the magnitude of the welfare improvement is higher under tariff revenue-financed public abatement than it is under pollution tax revenue-financed public abatement. The reason is the same when increasing a pollution tax in the sense that private abatement undertaken by reducing a tariff would not be compatible with public abatement undertaken by the public sector as a result of a reduction in the tax base of public abatement under pollution tax revenue-financed public abatement. These results are relevant for countries where governments seek the fund earmarked for the financing of public abatement and harmonize private abatement with public abatement.
Finally, we should not overlook the case in which the harmonization of free trade and the environmental protection undertaken by public abatement financed by pollution tax revenue or tariff revenue would not be achieved. This may give rise to an unexplored concern regarding free trade and environmental protection to the countries in which an import competing sector protected by a tariff generates pollution emissions and the government seeks the revenues earmarked for the financing of environmental funds.
5. Many developing countries have historically protected heavy industries from imports, and these industries are relatively pollution-intensive (see Ferrantino 1997).
6. The case of imported public abatement is presented in Hadjiyiannis et al. (2002, 2004) 
